INTRODUCTION
An assembly line is a Manufacturing Tool, first made by Henry Ford in his manufacturing of automobiles. An Assembly Line is a progressive system where semifinished products from every stage move in line. Assembly lines are classified into three major types namely, (i) single model assembly line (ii) multi model assembly line (iii) mixed model assembly line. The assembling tasks of a single product are performed by workers in a single line until it's manufactured. In a multi-model assembly line, assembling tasks of various products are grouped and performed, in order to manufacture various products. Assembling tasks of multiple products are performed in batches, in order to manufacture similar products in mixed model assembly line [1] . A WWAL is a flexible, dynamic, and reconfigurable assembly system. Here, the workers are made to walk in between workstations laid out in desired layout to carry out the task assigned at each workstation [2] .In fixed worker assembly line, the worker remains static to carry out the operation specified and the product moves down the line according to the process flow [3] .Every company aims to produce more products with lesser workforce. We need a dynamic manufacturing unit to match the market demands. A WWAL is an upcoming technique which employs ultimate utilization of resources. An analysis of a case study involving conversion of FixedWorker-Assembly-Line (FWAL) to Walking-WorkerAssembly-Line (WWAL) is employed to draft a generalized conversion algorithm. We have emphasised on how the human resource flow and allocation of work are instrumental in attaining an optimized WWAL. A Lean Manufacturing company basically targets the reduction of Work-In-Progress (WIP) at very stage. WIP is defined as the amount of work left in the semi finished product. We have studied how WWAL incorporates better worker utilization and reduction of WIP [4] . In this paper, we are going to focus on optimization of manual mechanical assembling. Conversion of current Fixed Worker Assembly Line (FWAL) Line to Walking-WorkerAssembly-Line (WWAL) to generate a lean adopted manufacturing unit with improved productivity.
RELATED WORK
In modern day industries, most of the companies manufacture a variety of products. We need a dynamic manufacturing unit to match the production demands. A FWAL for manufacturing discrete heavy duty products have numerous disadvantages. The assembly line is rigid and cannot be re-configured in order to match the production demands. There is no flexibility as it is difficult to manufacture a variety of products in a FWAL. The advantages of a WWAL over FWAL is studied and analysed to prove that WWAL has improved flexibility and re-configurability. Flexibility in an assembly system is the key factor required in any scenario and approximately 40% of capital cost is assigned to assembly unit and upto 50% in a manual assembly unit and optimizing an assembly line is a key factor that influences the efficiency of a manufacturing unit. Improvement on ergonomics in a WWAL to prevent injuries and enhance working conditions and optimize production. Comparison between FWAL and WWAL is studied and the parameters that define them are interpreted. Three phases for designing a WWAL, modelling, simulation and optimization are derived and a simulation study to prove WWAL works better than FWAL. There exists an optimized WWAL which is not optimized and doesn't integrate human resource performances and ergonomics to enhance productivity. Fluctuating current market demands flexible and reconfigurable assembly system. Disadvantages resulting from non-integrated design approaches in WWAL can include: greater operating costs economically and ergonomically and a duplication of design efforts. A frame work to design a WWAL is listed and two major steps in designing the framework are structural design level which involves determining the physical assembly line layout and operational design level which optimises the staff workers for the system and the specified skill levels for responding to the demand. Integration of flexible workforce and framework of layouts yields an optimized WWAL [5] . The manning of human resource in an assembly line improves flexibility. In a WWAL, there are fewer workers than workstations on the line. This dynamic, flexible and re-configurable system is called walking worker assembly line (WWAL). The workers travel to different workstations to perform the assigned task in order to manufacture the products. When there is congestion of workers with more task time at a particular workstation, it is called as bottle neck workstation. A Mathematical model is generated considering the ergonomic analysis and the constraints in a WWAL [6] . The assembly line systems and the variability in an assembly line are defined and the line balancing problems and worker classifications are studied as a linear layout of WWAL is interpreted and studied thoroughly incorporated in a case study in automobile assembly operations with 40 workstations and 4 buffers by simulation. The designed WWAL is implemented using Siemens software which aims at optimizing productivity of manual assembly line [7] . Methodology adopted to generate an optimized production line are, as-in-study-product selection-time method, Analysis-assembly line balancing-operational analysis, System evaluation-performance evaluation of product selection using ABC classification (selection based on importance), part process matrix (selection using product parts requirement). Different layout types in an assembly line are interpreted and motion economy principles are to be considered while optimizing an assembly line. The 3-step productivity is applied in a mobile phone package industry. Single stage parallel line' and Five stage serial line 'configurations are produced and simulated using Witness simulation software [9] . The tools and system adopted in designing a manufacturing unit for ergonomics and time optimization in a Railway coach manufacturing scenario is designed into 3 phases, assembly line sequencing using Delima Quest software, an index to evaluate designs and flow value analysis, workplace assembly and ergonomics analysis using human modelling software Jack5.0, find bottlenecks, JIT, in current network, make improvements either in 'arrangement of work stations 'along line production or in complete product utilization [8] .
PROCESS PARAMETERS FOR CONVERSION OF FWAL INTO WWAL
The conversion requirement and the way of conversion is explained in Fig.1 process flow chart, where we have embraced enhancement of critical parameters of an assembling unit and achieve an optimized lean adopted assembling unit. 1. The current FWAL is scrutinized in order to find the scope for optimization and the constraints to be satisfied are determined. 2.Data collection is done in order to determine the productivity of FWAL.
3.Conversion of FWAL into WWAL is achieved by grouping operating tasks that are either similar or that share a common inventory or both. 4.The number of workstations will depend on the number of products to be manufactured. The grouped tasks are assigned to respective workstations according to the process flow. The allocation of machines depends on demand level and operation time. 5.The workstations are placed in a desired layout such that, the layout that suits the production plant and other constraints that are incorporated. 6.The workers are made to walk in the layout designed to perform the assigned task at their respective workstations. The directional of work flow and the path network for resources to move are defined. 7.Bottle neck analysis of WWAL is employed in order to determine the effectiveness of the proposed system. 8.Bottle neck analysis yields whether a station is idle or congested using equation 1. A positive value yields to work station idle time whereas, a negative value yields an in-process waiting time.
9.Optimization analysis of WWAL espouses a lean adopted manufacturing unit as it eliminates the buffer zones and reduces WIP. 10. The number of workers will be less than the number of workstations. 11.Situational analysis of WWAL using appropriate software to enhance optimization results. Simulational analysis helps us achieve desired precise results [9] .
OPTIMIZATION BY WWAL

Assessment of Current Scenario (FWAL)
The discrete heavy duty manufacturing company embraces a Fixed Worker Assembly Line, where the workers stay in a place to assemble a single product, until it being completely manufactured. The machines manufactured here are majorly grouped into two categories namely, Frequency Machines (FM) and Profitable Machines (PM). There are further, automatic and manual operating machine types in each group which are to be assembled. The constraints in the production system are obtained and assessed. Further the Buffer zones involved in the system are evaluated and optimized.
Constraints
The following are the constraints predefined and adopted throughout the project: 1. A minimum of two workers are necessary to assembly part of the machine 2. A minimum of two workers are necessary to carry parts from inventory to working area. 3. We aren't optimizing task buffer time now as it requires further ergonomic study.
Buffer
Buffer includes all the activities and tasks that add up to the cycle time and decrease the productivity. There are two types of buffer in current manufacturing system namely task buffer and stage buffer.
(i)Task buffer: The buffer time involved in every activity incorporated while assembling is defined as the task buffer. 
(ii)Stage buffer: These include the tool change and changeover time from one activity to another, for example from base assembly tools to x-y bed tools.
Data Collection
Collection of data is an important part in case study analysis while proposing an optimized production system. The collected data are grouped into the following tabular columns for analysis. 
Calculation of Current Productivity: Statistical Analysis
The following section deals with the analysis and simulation of WWAL for the system.
Operation time:
The amount of time that is needed for the two workers to perform the tasks assigned.
Cycle time:
The amount of time required to assemble a product completely including every possible buffer. In this case study, one cycle of production yields five machines. Formulae used:
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Task Grouping
Grouping of similar tasks is the next step in conversion. For instance the base production of all machines is grouped. In this case, we have five machines whose assembling tasks are similar. There are ten assembling tasks for each machine to be grouped.
Workstation Installation & Allocation of Work
The next major step is creating workstations in which the grouped tasks are to be carried out. We are creating five workstations as five machines are to be manufactured. The grouped tasks are assigned to specified workstations.
Human Resources Available For Machines Which are to be Distributor
The available human resources to be considered in our production model are: Mechanical Assembly : 2 Sub Assembly : 4 Every workstation involves assembly activity of a single machine and allocation of work is defined by resource flow. The allocations of machine order are based on demand level and operation time.
Proposed Layout
The workstations are placed in a U-Shaped layout as demonstrated in Fig.2 , in the production floor. The five machines are placed in five workstations in the UShaped layout. The number of workers will be less than the number of workstations [10] . The workers are made to walk in between these workstations to perform the tasks assigned. As the distance between the workstations is uniform and small, it assists a visual feedback system. A visual feedback system is when workers in a workstation can seek help from workers of nearer workstations and consvey information in case of an emergency or failure. D is the distance between the workstations and V is the speed of workers. The D value is calculated to be 0.32 m and V to be 2m/s. 
Bottle Neck Analysis
Congestion of workers before the workstation is called as bottle neck. Bottle neck analysis yields workstation 3 as bottle neck workstation as there is a task that involves 9 min of assembling that makes the workers of previous workstation to wait and downtime production at the bottle neck workstation. Bottle neck analysis yields whether a station is idle or congested [11].
Resource Flow
Workers are made to walk in between multiple UShaped workstations and perform the allocated tasks. Workers are made to walk unidirectional unless an emergency situation is called. Two workers begin the operation at first workstation, on their completion they move to the next workstation. The next two workers enter that workstation now to complete the next procedural task progressively. Speed of workers is assumed to be 2m/s.
Optimization Analysis
Lean adopted manufacturing unit is generated as it eliminates the stage buffers and reduction of WIP at every workstation. We are manufacturing five machines which are majorly classified into two types. Ten tasks are carried out in order to generate a completely manu-factured component. For every machine assembling, minor arrangements have to be made in order to perform the next machine's task which includes 'machine setting' and 'tool change'. The total of ten stage buffer zones for every component and fifty stage buffer zones for all 5 machines exist in current scenario. The proposed system consists of five workstations where five machines to be assembled are placed. The five machines share common tasks but different tools and minor arrangements in their settings. The similar task of every product is carried out in five stations by the walking workers, in their first run and the next similar task in their next run and goes on progressively. This ensures elimination of stage buffer zones and minimizes it into ten stage buffer zones from fifty in the proposed scenario as the tool changes and minor arrangement settings are required only when dissimilar tasks are carried out.
Simulation Model Of Proposed System
Simulation of the proposed system is incorporated to demonstrate the optimization of worker utilization and increase in productivity. We have used ProModel software to carry out the simulation. 
RESULTS AND DISCUSSIONS
In our case study, one cycle of production yields five machines. The total number of working days for an employee in the company is for 261 days and the number of working hours per day is 8 hours.
No. of machines produced per year= No. of working hours in a year/ C.T (n)
There is a reduction of cycle time considerably in the proposed WWAL as shown in Fig8, which compares the cycle time of current model and proposed model. The buffer zones involved in both the models are compared in Fig.9 , which shows the dynamic nature of WWAL and reduced buffer time that enhances productivity and assists a dynamic assembling unit. 
CONCLUSION
The proposed WWAL model can serve as an aid to the heavy duty manufacturing industries by reducing cycle time and improving the productivity. This model can be further implemented in other types of manufacturing industries that employ bulky conveyors for production. The algorithm elucidated above in this research paper for converting Fixed Worker Assembly Line to Walking Worker Assembly Line was verified with the help of a virtual model simulated using Promodel software. As future research, the impact of ergonomic factors and working condition parameters that will keep varying when the workers keep moving between every workstation in the assembly line can be analyzed and the perfomance of the Walking Worker Assembly Line can be enhanced further. 
